The medial and lateral perforant path projections to the hippocampal CA3 region display distinct mechanisms of long-term potentiation (LTP) induction, N-methyl-D-aspartate (NMDA) and opioid receptor dependent, respectively. However, medial and lateral perforant path projections to the CA3 region display associative LTP with coactivation, suggesting that while they differ in receptors involved in LTP induction they may share common downstream mechanisms of LTP induction. Here we address this interaction of LTP induction mechanisms by evaluating the contribution of opioid receptors to the induction of associative LTP among the medial and lateral perforant path projections to the CA3 region in vivo. Local application of the opioid receptor antagonists naloxone or Cys2-Tyr3-Orn5-Pen7-amide (CTOP) normally block induction of lateral perforant path-CA3 LTP. However, these opioid receptor antagonists failed to block associative LTP in lateral perforant path-CA3 synapses when it was induced by strong coactivation of the medial perforant pathway which displays NMDAR-dependent LTP. Thus strong activation of nonopioidergic afferents can substitute for the opioid receptor activation required for lateral perforant path LTP induction. Conversely, medial perforant path-CA3 associative LTP was blocked by opioid receptor antagonists when induced by strong coactivation of the opioidergic lateral perforant path. These data indicate endogenous opioid peptides contribute to associative LTP at coactive synapses when induced by strong coactivation of an opioidergic afferent system. These data further suggest that associative LTP induction is regulated by the receptor mechanisms of the strongly stimulated pathway. Thus, while medial and lateral perforant path synapses differ in their mechanisms of LTP induction, associative LTP at these synapses share common downstream mechanisms of induction.
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Introduction
Long term potentiation (LTP) remains the most likely and intensively studied model for learning and memory (Bliss & Lomo, 1973 ). An aspect of LTP that makes it attractive as a candidate for memory storage is the property of associativity (McNaughton, Douglas, & Goddard, 1978; Levy & Steward, 1983; Barrionuevo & Brown, 1983) . The induction of LTP typically requires synaptic activity and postsynaptic depolarization that are necessary for the activation of N-methyl-D-aspartate (NMDA) receptors. Associative LTP can be explained by properties of the NMDA receptor (NMDAR), such that even weak synaptic activity can induce LTP provided there is strong activation of the postsynaptic neuron by other afferents, resulting in NMDAR activation and LTP of both strong and weakly coactive synapses.
In the CA3 region, medial and lateral perforant path inputs terminate in discrete, thin ($100 lm) lamina on the distal apical dendrites of CA3 pyramidal cells (Ishizuka, Cowan, & Amaral, 1995) . Anatomic and physiologic studies indicate that the direct perforant path projections to CA3 and CA1 regions of the hippocampus are substantial and thus likely to be of significance in normal hippocampal operation (Amaral & Witter, 1989) . Although only a few studies have addressed synaptic plasticity in these cortical-hippocampal projections, these studies indicate that monosynaptic medial perforant path-CA3 and lateral perforant path-CA3 synapses display LTP (Breindl, Derrick, Rodriguez, & Martinez, 1994; Do, Martinez, Martinez, & Derrick, 2002; McMahon & Barrionuevo, 2002; Yeckel and Berger, 1990) .
LTP induced at medial and lateral perforant path synapses to both the dentate gyrus and CA3 region display distinct requirements (Bramham, Errington, & Bliss, 1988; Breindl et al., 1994; Do et al., 2002) . Although LTP induction at medial perforant path projections to both the dentate gyrus and CA3 region is typical in that it is blocked by antagonists of the NMDA receptor, the lateral
